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Research on Hot-air Drying Characteristics and Kinetics of
Non-fried Extruded Potato I nstant Noodles

ZHANG Xin, REN Yuan-yuanP<, MENG Zi-kuan, ZOU Yu, ZHOU Ze-lin, ZHANG Xing-can, WANG Yong-jun
(Sichuan Food Fermentation Industry Research and Design Institute, Chengdu, Sichuan 611130, China)

Abstract: In order to improving the drying property and quality of non - fried extruded potato instant
noodles, the drying characteristics of non-fried extruded instant noodles with diametral of 0.7 mm, lmm and
1.2 mm under the conditions of 40 °C, 50 °C, 60 °C and 70 °C were studied respectively. On this basis, an
optimal drying kinetic model was established. The result showed that the drying stage of instant noodles
mainly belonged to the speed reduction stage, and the noodle diameter and drying temperature had a great
influence on its characteristics. Page model can express and predict the variation of moisture ratio (MR) with
drying temperature (T) at any time of instant noodle drying. The effective water diffusion coefficient of
instant noodles was between 0.463x10° m*/s and 1.845x10~° m?/s. The drying activation energy of instant
noodles with diameter of 0.7 mm and 1mm was 47.904 kJ/mol and 65.265 kJ/mol respectively. Properly

reducing the noodle diameter can effectively reduce the energy loss in the drying process. This study
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provides data support for equipment selection, energy saving and consumption reduction and industrial

design of non-fried extruded potato instant noodles drying process.

Key words: potato; non-fried extruded instant noodles; hot-air drying characteristics; dynamics
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G TR LT 5 RIS
1 Newton MR=exp(—kt) k
2 Page MR=exp(—kt") k;n
3 Pabis MR=a-exp(—kt) a;k
4 Parabolic MR=a+ bt+ct? a;b;c
5 Midilli MR=a-exp(—kt")+bt a;k;n;b
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Fig.2 Drying curves (a) and drying rate curves (b) of potato non-fried extruded instant noodles at different temperature

Ly T AR I K B H (6 1 NS K o 2% e T B
PR, IR R NG, Ik T TR
IR R L TR [ i E S Ul ST Sl e S RN
UM BLGE . D AE — R Vi NS0 AR R T L
AR PR RACR 4 TR 1]

2.1.2 MR X A% T AR KT H 5 v A
S A

AR e 14 X A A A S A i A
B 7 (5 T8 A4 A AR R, AN TR R
N AL T AR I KRB R D5 1A Rt 2 4
3 frane MIEL 3 algn, BAOXGI R, SR R
THKEST G 5 1 ) R R MO, TSR R
et BEE T BRAEAT, S BRI
B Hh 5 T 2R S KRR, TR R b
Z N FETHRAIPILRETBL, TR R T ok
B, 2B FREREE, R TR
FEn] DIE R M T TR R, Bk By
BB o Zead 28 A AL T 205 B O 1 T A
ZHH MK, fETEITRE, HFRE H KR
R, I T BRI IG  fr o BEE T4
FERYIEAT, Eh B AR BT 7 (o v Ay K 439
U RIZ K78, IMOH S MR I s A 14 F2 22
W T S AR KRB Hh 05 1f e 22 — iR
EHF Y, NREE M B R, RS K 4 s
JBERLAR TR JZ KO B O L, R b3 T A
RAWIFEANL . 7E— &S H N TR R, S
AR B O (T 2 K o A R R R R, T
PRI YE B 5 (T SR N TR A 7K 3
R, T TR ZK 73 1) S 2 ()7 A e B e . 24

TR 60 °Clm, THREARN KL=
TR, R AR Y TR L, SRR
T KEST G 758 10 SR A o Mg e bR 18 B Wi e
RLBE, T A BN B AR T A K
SR SNTRL, YR IR A AR SN T R S, i
WK S BB R G, I T TR LR,

0.20

—=—40 °C
——50°C
—4—60 °C
—v—70°C

(=4

—

W
T

TR/ (g/(g*h))
o

0.05 -

0 ! 1 ! 1 1 1 1 1
10 15 20 25 30 35 40

FHAK > E R/ (e/g)

B3 FTHREEMDREFMEFHAEETRERNZM
Fig.3 Effect of drying temperature on drying rate of
potato non fried extruded instant noodles

22 DHREFHEFHAEDTREZLNIE
5%sr

AFE B AT BT SRR e
O EE AT R SR 1 P 5 g
PRECF R AT AR AL G, O A T AR A
B, SRR 2,

HiZE 2 A RLE Y, ARSI RS EAK K
& Page>Midilli>Pabis>Parabolic>Newton, RMSE
A Page<Midilli<Pabis<Parabolic<Newton, H:
Page . Midilli B ME I R SEHE KT 0.995,

138



SE295 2021 & E2H

@ ismasEEE

SCIENCE AND TECHNOLOGY OF CEREALS,OILS AND FOODS

RaellT

RMSE “FREE/NT 0.25%1072, {36053 P4 5
AR, 1T Page Bl R % K, RMSE
AN, MEBRERS, RS, AR TEN
BRI SRR DT, N B 4% Page BRI Ny )
A2 AR MRS 5 T ) AU T RS

PR (T) flE%&EA (D) B, X4&
TR T Page BRI SEL k, n AT/
3k (PLS) HIH#LG T, G k=at
by T+c,D+d, TD+e T+,D%; n=ay+b, T+c,D+d, TD+e, T+

f,D%, ELERWT .

k=0.018 75-3.77x10*T+1.86x10*D-8.68x10 *TD+
5.58x10 7% T°+6.98x10'D?

n=0.038 75+0.078 44T-0.876 9D+5.312x10*TD-
6.708x10*T%4+3.231x10 “D?

¥k, n 3Rl A page BBl 155 A B
A KE B H 5 (5 1 LS MR=EXP{(0.018 75—
3.77%107"T+1.86x10 'D-8.68x10 *TD+5.58x10 * T*+

42
6.98x10*D?)}
t 0.038 75+0.078 44T—0.876 9D+5.312x10—4TD—6.708x10—4T 2+3.231x10—-4D2

x2 AETHEEETSMTRERELEDEFMSER
Table2 Nonlinear regression fitting results of five drying models under different drying temperatures

BR AEA(D)mm 3RE/C [EEE S R RHME RMSE(x102%) RMSE(x10¥H

1.2 40 k=0.0039 0.978 6 0.228 2
50  k=0.0059 0.991 8 0.195 8
60  k=0.0067 0.986 3 0.783 3
70 k=0.004 4 0.9313 0.711 1
1 40 k=0.0069 0.987 6 0.528 2

Newton 50  k=0.0077 0.998 1 0971 1 0.105 8 0564 2
60  k=0.004 8 0.968 3 0.586 4
70 k=0.009 9 0.942 3 0.751 1
0.7 40 k=0.0045 0.995 1 0.346 2
50  k=0.0042 0.9379 1.029 6
60  k=0.007 6 0.996 8 0.201 3
70 k=0.009 8 0.939 9 0.967 5
1.2 40 k=0.005 6, n=1.425 4 0.996 4 0.070 6
50  k=0.007 8,n=1.074 1 0.996 4 0.278 3
60  k=0.0064,n=1.5295 0.995 5 0.3612
70 k=0.004 8, n=1.3520 0.997 9 0.111 7
1 40 k=0.006 6, n=1.1313 0.998 8 0.060 7

Page 50  k=0.007 1,n=1.017 4 0.998 2 0,998 0 0.103 3 0100 3
60  k=0.003 0,n=1.2559 0.998 7 0.0755
70 k=0.004 8,n=1.1519 0.998 4 0.101 1
0.7 40  k=0.007 4, n=0.903 0 0.998 9 0.059 6
50  k=-0.009 1 ,n=0.963 0 0.999 2 0.0015
60  k=-0.0111,n=0.933 4 0.998 5 0.086 5
70 k=0.017 5,n=0.878 7 0.999 2 0.002 3
1.2 40 a=0.962 8, k=0.006 2 0.995 0 0.129 8
50  a=1.108 4, k=0.009 6 0.994 2 0.106 6
60  a=1.2222,k=0.0123 0.995 3 0.144 8
70 a=1.093 3,k=0.0113 0.996 0 0.312 1
1 40 a=0.986 5, k=0.004 2 0.995 0 0.298 1

pabis 50  a=1.007 6, k=0.007 6 0.997 2 0,094 0.102 6 0285 2
60  a=1.1422,k=0.0113 0.993 3 0.448 1
70 a=1.0339,k=0.0103 0.994 0 0.402 1
0.7 40 a=0.972 4, k=0.004 2 0.994 3 0.171 0
50  a=0.998 8, k=0.004 2 0.992 9 0.459 6
60  a=0.995 0, k=0.007 6 0.996 9 0.184 4
70 a=0.964 5, k=0.009 4 0.995 0 0.3679
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BRI 45 A2 (D/mm) JRE/°C [EE = R RHM RMSE(x102) RMSE(x10¥1H
1.2 40 a=0.969 1, b=-0.003 3, c=0.410 4*10° 0.994 1 0.104 6
50  a=0.950 8, b=—0.004 6, c=1.414*10"" 0.992 0 0.599 4
60  a=1.701, b=—0.006 7, c=1.533 6%10°° 0.9917 0.2614
70 a=0.947 7, b=—0.005 6, c=1.345%10"" 0.992 2 0.398 1
1 40 a=0.996 1, b=-0.004 3, ¢=0.710 4*10°° 0.999 1 0.004 6
barabolic 50  a=0.985 3, b=—0.006 4, c=1.214*10"" 0.996 0 0,080 < 0.299 4 0346 7
60  a=1.01,b=—0.007 7, c=1.556%10"° 0.996 7 0.216 6
70 a=0.979 4, b=—0.007 2, c=1.398*10" 0.994 2 0.389 7
0.7 40  a=0.973 9, b=—0.003 9, ¢=0.577 2¥10°° 0.998 1 0.106 6
50  a=0.997 1,b=-0.003 9, c=0.543 2*10°° 0.997 8 0.145 1
60  a=0.975 8, b=—0.006 2, c=1.163 1¥10°° 0.991 4 0.451 2
70 a=0.919 74, b=—0.006 6, c=1.312 4*10°° 0.9313 1.184 6
1.2 40  a=0.859 3, k=0.003 5, n=0.374 0, b=—0.001 2 0.997 7 0.302 4
50  a=0.8102,k=0.003 2,n=0.3112,b=-0.002 1 0.996 4 0.246 8
60  a=0.759 9, k=0.001 2, n=0.333 7, b=—0.001 4 0.998 5 0.218 1
70 a=0.756 7, k=0.001 1, n=0.317 4, b=—0.001 3 0.998 7 0.086 2
1 40  a=0.897 3, k=0.006 5, n=0.389 0, b=—0.0023  0.995 3 0.334 4
50  a=0.810 2, k=0.003 2, n=0.377 1, b=—0.002 9  0.996 4 0.286 4
Midilli 0.997 0 0.234 2
60  a=0.795 9, k=0.005 2, n=0.385 7, b=—0.003 4  0.995 8 0.318 1
70 a=0.776 5, k=0.002 4, n=0.374 1, b=—0.003 3 0.996 9 0.186 2
0.7 40  2=0.895 3, k=0.006 5, n=0.389 0, b=—0.002 3  0.996 4 0.283 1
50  a=0.810 1, k=0.003 2, n=0.377 1, b=—0.0029 0.997 1 0.182 1
60  a=0.864 3, k=0.007 3, n=0.384 6, b=—0.003 1  0.998 9 0.045 6
70 a=0.868 7, k=0.004 3, n=0.366 7, b=—0.003 3  0.995 7 0.320 4
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Fig.4 Page model validation diagram (a), (b) and (c) in different conditions
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E%%E Dcff Ea
% /mm ¢ R Der/ RY(1/(T+273.15)  Ey
(t-InMR)  (10~°m?%/s) —InDe (kJ/mol)
40 0.984 0.463
50 0.998 0.920
1.2 0.903 65.314
60 0.986 1.360
70 0.977 1.662
40 0.994 0.634
50 0.998 1.020
1 0.975 55.265
60 0.968 1.660
70 0.973 1.765
40 0.997 0.712
50 0.997 1.227
0.7 0.989 47.904
60 0.990 1.727
70 0.994 1.845
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